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Adaptation strategies of horses with lameness
Abstract
The skill to diagnose lameness in horses is paramount for every equine practitioner. Early recognition of
locomotor deficiencies plays a central role in sports medicine management, preventing deterioration of
the disease or catastrophic injuries. Horses use characteristic compensatory movements of specific body
parts to decrease loading of the affected limb. This article describes the underlying changes in intra- and
interlimb coordination and the resulting load redistribution between the limbs. This enables the
practitioner to better understand the changes in movement associated with lameness
This article was published in an Elsevier journal. The attached copy
is furnished to the author for non-commercial research and
education use, including for instruction at the author’s institution,
sharing with colleagues and providing to institution administration.
Other uses, including reproduction and distribution, or selling or
licensing copies, or posting to personal, institutional or third party
websites are prohibited.
In most cases authors are permitted to post their version of the
article (e.g. in Word or Tex form) to their personal website or
institutional repository. Authors requiring further information
regarding Elsevier’s archiving and manuscript policies are
encouraged to visit:
http://www.elsevier.com/copyright
Author's personal copy
Adaptation Strategies of Horses
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Michael A. Weishaupt, DrMedVet, PhD
Equine Department, Vetsuisse Faculty, University of Zurich, Winterthurerstrasse 260,
CH-8057 Zurich, Switzerland
All kinds of intensive physical exertion challenge the horse’s musculoskel-
etal system. Musculoskeletal injuries are the main reason for wastage in the
horse industry worldwide [1–7]. Epidemiologic studies revealed that more
than 50% of race horses experienced some period of lameness in their sport-
ing career, and in 20% of those cases, the lameness was suﬃcient to prevent
the individuals from racing after the injury [8]. Furthermore, it is estimated
that three quarters of poorly performing horses have subclinical disorders of
the locomotor system [9]. The expenses ensuing from veterinary treatment
and the costs of all lameness-related loss of use are estimated to exceed 1
billion dollars per year in the United States alone [10]. Conformation; man-
agement factors, such as training methods; level of schooling and perfor-
mance; time intervals between starts; type of ground surface in training
and competition; quality of horseshoeing; and saddle ﬁtting can all contrib-
ute to injury that may aﬀect the ability to compete successfully [11]. There-
fore, prevention and early identiﬁcation of locomotor diseases have a high
priority in equine sports medicine and animal welfare [12,13].
Lameness is a symptom and can be deﬁned as an alteration of the normal
gait pattern as a result of a functional or structural disorder in the locomo-
tor system. Horses adapt to lameness with compensatory movements of spe-
ciﬁc body parts. The most consistent compensatory movements are
observed in the vertical displacement and acceleration of the head in fore-
limb lamenesses [14–19] and of the sacrum and tuber coxae in hind limb
lamenesses [16,20–23]. Special attention has to be given to the fact that
compensatory movements of weight-bearing forelimb lameness can also
be observed at the sacrum or croup and those of weight-bearing hind
limb lameness can be observed at the head. These movements may mislead
the observer during visual gait assessment and may result in a false
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attribution of lameness to a sound limb [24]. In moderate and more accen-
tuated hind limb lamenesses, a distinct head nod can be observed during the
diagonal stance, which includes the lame hind limb, suggesting a lameness in
the ipsilateral forelimb [20,25,26]. This compensatory head movement is
reported to be more distinguishable than the compensatory movements
made by the hindquarters as a consequence of forelimb lameness
[16,27,28]. The transmission of a forelimb lameness may occur ipsilaterally
or along the diagonal [16,26,27]. Back pain may also alter the movement of
the limbs. Recent studies show that induced unilateral muscle pain and stiﬀ-
ness in the thoracolumbar region cause decreased ﬂexion of the carpal, tar-
sal, and stiﬂe joints during protraction, which results in a less animated gait
[29]. Furthermore, changes in pelvic rotation with a lateral repositioning of
the hind limbs to the painful side were observed. This may irritate visual gait
assessment, especially when knowing that pelvic rotation away from the
painful side caused by a shortened anterior phase and a prolonged posterior
phase of stance of the lame limb is a characteristic feature of unilateral hind
limb lameness [30].
With this knowledge in mind, clinicians assess lameness by mentally com-
paring the gait of the lame horse with movements of normal subjects, by
matching the movements of the left body side with those of the right
body side and by comparing the gait before and after an intervention,
such as a stress test or a diagnostic nerve block. Visual assessment carries
all the risks that are inherent to subjectivity, however; therefore, interpreta-
tion of clinical signs depends directly on the expertise of the observer [31].
Because gait compensations made by lame horses may occur rapidly or in
a subtle manner, the temporal resolution of the human eye can be easily
overtaxed. Quantitative gait analysis oﬀers a higher spatial and temporal
resolution and allows objective characterization of intermittent and mild
lamenesses or of gait alterations involving more than one limb.
Methodologic aspects
Biomechanics involves the application of mechanical laws to living struc-
turesdin this case, to the horse in motion. Two complementary methods are
used to study the body in motion: kinematics and kinetics [32]. Whereas
kinematic techniques measure the geometry of movements and quantify
the visual perception of the observer, kinetics open an additional ﬁeld of
information that the human sensory perception is not able to derive. Kinetic
analysis studies the forces that are responsible for a movement. Kinetics
distinguish between internal and external forces and torques. External forces
refer to forces that are generated from outside a system, such as the force the
ground exerts on the body, the so-called ‘‘ground reaction force’’ (GRF).
Internal forces, such as tendon forces or bone strains, may be determined
directly; however, these measurements are invasive, and therefore limited
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to research applications. A more elegant way of estimating internal forces
and torques is to make use of inverse dynamic models [33].
The most established device for measuring GRF is the force plate [34,35].
Standard force plates are able to split the force vector into its three orthog-
onal components: the transverse-horizontal (Fx), the longitudinal-horizontal
(Fy), and the vertical (Fz) force components. Force plate reference data exist
of sound horses walking [36,37], trotting [38,39], and cantering [40]; of rid-
den horses at the walk and trot [41]; and of horses at take-oﬀ and landing,
clearing an 0.8- to 1.3-m high fence [42]. Peak loads range from two thirds of
the horse’s body weight at the walk, to the equivalent of its body weight at
the trot, up to twice its body weight at the jump reception. The kinetics of
lameness have been studied using equine patients that have clearly
diagnosed lamenesses (navicular disease [43–48] and tendonitis of the super-
ﬁcial digital ﬂexor tendon [44,49]) or applying diﬀerent lameness models
(endotoxin-induced synovitis model [50], surgically created chip fracture
Fig. 1. Force and time parameters extracted from force traces at the trot measured with an
instrumented treadmill. FL, left forelimb; FR, right forelimb; HL, left hind limb; HR, right
hind limb; TFzpeak, time of vertical force peak; Iz, vertical impulse; SD, stride duration; StD,
stance duration; SwD, swing duration; StpDcl, contralateral step duration; StpDil, ipsilateral
step duration; SpD, suspension duration; TAP, time of advanced placement; TAC, time of
advanced completion. (Adapted from Weishaupt MA. Compensatory load redistribution in
forelimb and hindlimb lameness. Proc Am Assoc Equine Pract 2005;51:143; with permission.)
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osteoarthritis model [51,52], collagenase-induced tendonitis model [53–56],
and sole pressure model [30,57–59]). The increasing number of clinical stud-
ies involving GRF measurements published in the past 5 years reﬂects the
growing interest in quantitative lameness assessment to reliably test eﬀects
of drugs [60–62] and other therapeutic interventions [63,64] of surgical proce-
dures, or therapeutic shoeing [65–67].
When using force plates, repeated recording sessions are necessary to
obtain a suﬃcient number of representative strides. Problems in obtaining
repeatable trials at a constant speed or in targeting the platform may present
substantial restrictions, especially when dealing with quadrupeds.When com-
paring pre- and postintervention assessments, standardization of movement
Fig. 2. Changes in Fzpeak with increasing left forelimb lameness (A) and left hind limb lameness
(B) in horses at the trot. Data are presented as mean  SEM. Percentage information as
proportion of the ‘‘sound’’ value. Sound, condition before inducing unilateral lameness; 1,
subtle lameness; 2, mild lameness; 3, moderate lameness; a, signiﬁcant diﬀerence (P!.05) com-
pared with the sound condition; b, signiﬁcant diﬀerence (P!.05) compared with the preceding
condition. (Adapted from Weishaupt MA. Compensatory load redistribution in forelimb and
hindlimb lameness. Proc Am Assoc Equine Pract 2005;51:144; with permission.)
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velocity is an important prerequisite, because it is known that kinematic and
kinetic parameters are directly velocity dependent [68–71]. Furthermore, with
a single force plate, GRF data of only one limb can be recorded at a time,
although at least one other limb supports the body concurrently. To obtain
a comprehensive picture of load redistribution in case of lameness, force-
time histories of all four limbs are indispensable. A treadmill equipped with
a dynamometric platform combines the beneﬁts of kinetic analysis with the
advantages of the treadmill, such as control of movement velocity and data
acquisition over multiple consecutive motion cycles of all four limbs simulta-
neously (Fig. 1) [72].
Compensatory load redistribution of weight-bearing lamenesses
From previous force plate studies, it is known that weight-bearing lame-
ness aﬀects mainly the Fz and Fy, whereas changes in the Fx are negligible.
At the walk, in unilateral forelimb as well as hind limb lameness, reduced
loading of the lame limb is compensated primarily by the contralateral limb
Fig. 2 (continued)
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and, to a lesser extent, by the concurrently loaded ipsilateral or diagonal
limb [58].
At the trot, four compensatory mechanisms serve to reduce structural
stress (ie, to reduce the peak vertical force [Fzpeak]) on the aﬀected limb
(Fig. 2) [30,59]:
1. With increasing lameness, horses reduce the total vertical impulse per
stride (IzSD) by simply increasing stride frequency (SF; Table 1). The
momentum theorem explains the interdependence of impulse and the
time during which the forces act:
IzSD ¼ IzFL þ IzFR þ IzHL þ IzHR ¼ m g SD;
where FL indicates left forelimb, FR indicates right forelimb, HL indi-
cates left hind limb, and HR indicates right hind limb. During a com-
plete stride cycle, the sum of the time-integrated vertical ground
reaction forces (GRFs) (IzFL þ IzFR þ IzHL þ IzHR; FL, left forelimb;
FR, right forelimb; HL, left hindlimb; FR, right hindlimb) equal the
gravitational force throughout stride duration (m g SD), where m is
the body mass of the subject, g is the gravitational acceleration, and
SD is the stride duration.
This adaptation is typically seen during treadmill exercise, because the
subject is bound to the preset treadmill velocity. In the over ground situ-
ation, lame horses adjust by lowering walking and trotting velocities [56].
2. The diagonal vertical impulse (Izdiag; sum of vertical impulses of the
diagonal limb pair) decreases selectively in the lame diagonal (diagonal
including the aﬀected limb; Table 1). This weakness causes a shortened
suspension duration (SpD; see Table 1) and a faster transition time
(contralateral step duration [StpDcl]) from the lame to the sound diag-
onal stance compared with the transition from the sound to the lame
diagonal stance (Fig. 3) [73]. Correspondingly, vertical trunk movement
during the lame diagonal stance is reduced but is barely aﬀected during
the sound diagonal stance [16]. Watching the lame horse from the side,
the asymmetric vertical oscillation of the trunk is easily detectable at the
withers and the sacrum in forelimb and hind limb lameness, respectively.
3. In forelimb lameness, the limb impulse (Iz) shifts within the lame diag-
onal to the hind limb and in the sound diagonal to the contralateral
forelimb (Fig. 4A) [52,74]. In hind limb lameness, the impulse shifts
occur predominantly from the aﬀected to the contralateral hind limb
(see Fig. 4B).
The weight-shifting mechanism along the longitudinal axis of the horse
corresponds to the changes in body center of mass movement [75,76]
and the conclusions drawn from the modeling of compensatory head
movements in lame horses [77]. The reduction or even suppression of
the downward head acceleration during the lame diagonal stance phase
decreases the momentum in the trunk, thus unloading the lame forelimb
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but increasing the loading of the diagonal hind limb. During the sound di-
agonal stance, the distinct vertical head nod, together with the higher hor-
izontal braking forces in the contralateral forelimb [52,56], produce
amomentum in the trunk, which increases the loading of the contralateral
forelimb and decreases that of the ipsilateral hind limb. Model calcula-
tions estimated that changes of only 10 cm in the vertical amplitude of
the head during the stance phases of the lame and sound forelimbs cause
diﬀerences in Fz of nearly 500 N and diﬀerences in the sagittal torque act-
ing on the trunk of approximately 230 Nm [77].
4. The rate of loading and the peak forces are reduced by prolonging the
stance duration (StD) (Fig. 5). Interestingly this adaptation occurs not
only in the aﬀected limb but also in the contralateral limb and neutral-
izes the impulse shift resulting from unloading the lame limb [73].
Table 1
Changes in temporal and force parameters with increasing weight-bearing lameness
Condition
Sound Subtle Mild Moderate
Forelimb lameness (n ¼ 17)
SF [1 per minute] 82.0  0.9 82.5  0.9 83.2  0.8a,b 85.7  1.1a,b (þ4.5%)
SpD [milliseconds]
Lame diagonal 62  4.6 57  5.6 49  4.6a,b 29  5.1a,b (54%)
Sound diagonal 62  4.6 60  5.6 58  4.6a 52  4.2a,b (17%)
IzSD [Ns/kg] 7.23  0.10 7.15  0.10 7.10  0.09a,b 6.90  0.11a,b (4.6%)
Izdiag [Ns/kg]
Lame diagonal 3.62  0.05 3.55  0.05 3.48  0.04 a,b 3.25  0.06 a,b (10%)
Sound diagonal 3.62  0.05 3.60  0.05 3.62  0.05 3.64  0.05 (þ0.7%)
Izfore% [%]
Lame diagonal 55.9  0.2 55.1  0.3 53.7  0.4a,b 49.6  0.7a,b
Sound diagonal 55.9  0.3 55.9  0.4 56.9  0.6a,b 59.3  0.4a,b
Hind limb lameness (n ¼ 8)
SF [1 per minute] 81.3  1.4 82.0  1.4 82.3  1.5a 84.1  1.4a,b (þ3.4%)
SpD [milliseconds]
Lame diagonal 65  4.9 61  5.1a 60  5.9a 52  4.9a,b (21.0%)
Sound diagonal 69  4.6 67  4.3 69  4.5 63  4.0a,b (9.2%)
IzSD [Ns/kg] 7.24  0.12 7.19  0.13 7.17  0.13 7.02  0.12a,b (3.1%)
Izdiag [Ns/kg]
Lame diagonal 3.62  0.07 3.57  0.07 3.52  0.08a,b 3.34  0.07a,b (7.7%)
Sound diagonal 3.62  0.06 3.62  0.06 3.66  0.06 3.68  0.05 (þ1.5%)
Izfore% [%]
Lame diagonal 55.4  0.2 55.9  0.3 57.0  0.3a,b 59.0  0.5a,b
Sound diagonal 56.0  0.4 55.8  0.4 55.2  0.4a,b 54.2  0.5a,b
Data are presented as mean  SEM; percentage diﬀerence to sound value is given in
brackets.
Abbreviations: Izfore%, portion of Izdiag carried by the forelimb; SpD, suspension duration.
a Signiﬁcant diﬀerence (P!.05) compared with the sound condition.
b Signiﬁcant diﬀerence (P!.05) compared with the preceding condition.
Adapted from Weishaupt MA. Compensatory load redistribution in forelimb and hindlimb
lameness. Proc Am Assoc Equine Pract 2005;51:145; with permission.
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Shortening of the StD is often empirically claimed to be an acoustic
indicator for weight-bearing lameness. Because the conclusion of stance is
silent, the StD is not assessable acoustically. Furthermore, the bilateral
equal prolongation of the StD also refutes this theory. The asymmetric
shortening of StpDcl, and thus the shorter transition time from lame to
sound limb impact, reinforced by the louder impact noise of the sound
limb, is the more plausible lead for acoustic detection of lameness.
The StD turns out to be the key variable for tuning the peak force of
a given impulse. In a study in which the inﬂuence of diﬀerent head and
neck positions on the forelimb–hind limb balance of horses was investi-
gated, it was shown that more loading in terms of impulse was not
Fig. 3. Changes in StpDcl with increasing left forelimb lameness (A) and left hind limb lameness
(B) in horses at the trot. Refer to Figs. 1 and 2 for shared caption and abbreviations. FLOFR
indicates transition from FL to FR; FROFL, HLOHR, and HROHL are analogous. a, sig-
niﬁcant diﬀerence (P!.05) compared to the sound condition; b, signiﬁcant diﬀerence
(P!.05) compared to the preceeding condition. (Adapted from Weishaupt MA. Compensatory
load redistribution in forelimb and hindlimb lameness. Proc Am Assoc Equine Pract
2005;51:145; with permission.)
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necessarily linked with higher peak forces [78]. To the contrary, in extended
low head-neck positions, which caused an impulse shift, and thus a shift of
the center of mass toward the forehand, Fzpeak in the forelimbs was reduced
when compared with the reference position (middle high elevation of the
neck, bridge of the nose slightly in front of the vertical). High elevation of
the head and neck shifted the center of mass to the rear; however, in this sit-
uation, Fzpeak also behaved inversely and increased in the forelimbs. In both
situations, this was attributable to the changes in the StD: in the low head-
neck position, forelimb StD was prolonged, whereas it was shortened in the
elevated head-neck position.
With these load-shifting mechanisms, the reduction of peak forces in the
lame limb is not only eﬀective but even suppresses an equivalent compensa-
tory overload situation in the other limbs. Except for moderate forelimb
lameness, wherein Fzpeak increases slightly in the diagonal hind limb, no
compensatory increase in Fzpeak can be observed in other limbs (see
Fig. 3 (continued)
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Fig. 2A) [59]. Likewise, in mild and moderate hind limb lameness, no com-
pensatory increase in Fzpeak can be observed in other limbs (see Fig. 2B)
[30,50].
The implications of forelimb lameness on Fys to longitudinal-horizontal
forces were studied by Morris and Seeherman [52]. Unsurprisingly, the
braking forces during the ﬁrst half of stance were decreased in the lame fore-
limb but increased in the contralateral limb. As consequence, the propulsive
force of the hind limb during the lame diagonal was bigger compared with
the sound diagonal.
Generally, the concurrence between clinical assessment and selected force
parameters is good [79,80]. Fzpeak corresponds particularly well with
subjective visual assessment. Peak force diﬀerence between contralateral
Fig. 4. Changes in Iz with increasing left forelimb lameness (A) and left hind limb lameness (B) in
horses at the trot. Refer to Figs. 1 and 2 for shared caption and abbreviations. a, signiﬁcant dif-
ference (P!.05) compared to the sound condition; b, signiﬁcant diﬀerence (P!.05) compared to
the preceeding condition. (Adapted from Weishaupt MA. Compensatory load redistribution in
forelimb and hindlimb lameness. Proc Am Assoc Equine Pract 2005;51:146; with permission.)
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forelimbs correlated best with the clinical lameness score (r2 ¼ 0.87) [59],
and Fzpeak proved to have the highest sensitivity and speciﬁcity for lameness
classiﬁcation [30,59,80]. Subtle gait irregularities showed a mean decrease of
4% in Fzpeak of the aﬀected limb; in mild lamenesses, it decreased by 9%,
and in moderate lamenesses, it decreased by up to 24% when compared
with the sound situation1 [59]. Contralateral weight-bearing asymmetries
for the diﬀerent grades of forelimb and hind limb lamenesses are shown
in Fig. 6. Surprisingly, for the same clinical score, left-right weight-bearing
asymmetry is larger in forelimb lameness than in hind limb lameness [30,59].
Fig. 4 (continued)
1 Lameness score: subtle lameness (grade 1/5), irregularity inconsistently visible on every
stride at the trot; mild lameness (grade 2/5), lameness consistently visible on every stride at
the trot; moderate lameness (grade 3/5), slight irregularity at the walk; lameness distinctly
visible at the trot where, however, the cadence of the movement is not obviously disturbed.
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In forelimb lamenesses, the load redistribution within the four limbs causes
a weight-bearing deﬁcit in the ipsilateral hind limb (see Fig. 6A). This left-
right asymmetry grows proportionally with increasing lameness grade and
amounts to approximately one third of the asymmetry of the primary fore-
limb lameness [59]. This ipsilateral compensatory strategy of force redistri-
bution does not correspond unequivocally with kinematic observations in
which the compensatory movements are transmitted diagonally or ipsilater-
ally depending on the cause of the lameness [24]. Also, the clear compensa-
tory head movement observed in certain hind limb lameness does not induce
a weight-bearing asymmetry between the forelimbs (see Fig. 6B).
Fig. 5. Changes StD with increasing left forelimb lameness (A) and left hind limb lameness (B)
in horses at the trot. Refer to Figs. 1 and 2 for shared caption and abbreviations. a, signiﬁcant
diﬀerence (P!.05) compared to the sound condition; b, signiﬁcant diﬀerence (P!.05) com-
pared to the preceeding condition. (Adapted from Weishaupt MA. Compensatory load redistri-
bution in forelimb and hindlimb lameness. Proc Am Assoc Equine Pract 2005;51:146; with
permission.)
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The magnitude of Fzpeak is reﬂected in the extent of hyperextension in the
fetlock joint. Maximal fetlock hyperextension was shown to be an indirect
measure for the vertical GRF [81] and is reduced in the lame limb at mid-
stance proportionally to the degree of lameness. In a group of horses with
moderate to severe lameness, fetlock hyperextension decreased on average
by 10, which corresponded to a reduction in Fzpeak of 27% [56].The expert
observer may visually catch the moment of maximal fetlock extension and
integrate this observation in his overall judgment. Asymmetric fetlock
hyperextension may also be caused by unbalanced dorsal hoof angles of
contralateral hooves, however. Experience has shown that the limb with
the ﬂatter hoof always exhibits higher vertical loads.
The routine use of the instrumented treadmill during clinical lameness
examination continually reveals inconsistencies between the degree of com-
pensatory movements and the degree of weight-bearing asymmetry. This is
Fig. 5 (continued)
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especially pronounced in patients that have low-grade lamenesses, with
lamenesses of the hind limbs, or with concurrent lameness in more than
one limb. In the author’s opinion, coexisting back pain may also aﬀect
the transmission of the compensatory movements and inﬂuence the
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Fig. 6. Asymmetry indices (ASIs) of Fzpeak for diﬀerent grades of forelimb (A) and hind limb
(B) lamenesses. ASI Fzpeak of the forelimbs is shown in gray, and ASI Fzpeak of the hind limbs is
shown in black. The ASI is deﬁned as follows:
ASI ¼

Pleft  Pright

0:5

Pleft þ Pright
100%;
where P denotes the parameter being assessed. In a fully balanced situation between contralat-
eral limbs, ASI is zero. Left-side deﬁcit results in a negative ASI. The graphic presentation of
ASI is shown in Fig. 7. a, signiﬁcant diﬀerence (P!.05) compared to the sound condition; b,
signiﬁcant diﬀerence (P!.05) compared to the preceeding condition.
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redistribution of load. Go´mez A´lvarez and colleagues [82,83] recently dem-
onstrated that forelimb and hind limb lamenesses cause asymmetric dorso-
ventral movements and lateral bending of the thoracolumbar back. Also,
changes in weight bearing after nerve blocks or therapeutic interventions,
such as shock wave therapy, are often diﬃcult to assess reliably, especially
when the initial lameness is slight or the changes over time are small
(Figs. 8 and 9).
Fig. 7. Graphic presentation of the asymmetry index (ASI) of Fzpeak. Examples of a sound
horse (A); of a horse with navicular disease presenting with a mild (grade 2/5) left forelimb
lameness (B); and of a horse with a chip fracture of the sagittal ridge of the tibia presenting
with a mild (grade 2/5) left hind limb lameness (C). The triangle represents the ASI Fzpeak of
the forelimbs, and the square represents the ASI Fzpeak of the hind limbs. The bullets represent
the load distribution between the diagonal limbs; the bullet on the left side of the longitudinal
axis represents the distribution within the left diagonal (FL-HR), and the bullet on the right side
represents the distribution within the right diagonal (FR-HL). In B, the longitudinal axis is
shifted to the right, obviously more in front than behind, indicating a weight-bearing deﬁcit
in the left forelimb. The shift of the right side of the horizontal axis to the front indicates
that during the right diagonal stance, the center of mass is shifted more to the forehand than
during the left diagonal stance.
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Summary
The analysis of GRF is a reliable method to quantify lameness. The force
parameters Fzpeak and Iz proved to have the highest limb speciﬁcity and
sensitivity in grading lameness [30,59,79,80]. Temporal stride variables,
when considered on their own, are of questionable value in detecting lame-
ness: ﬁrst, mild lamenesses do not show signiﬁcant temporal deviations from
the sound stride pattern, and, second, key parameters, such as StD or the
time of diagonal advanced placement maintain their left-to-right
symmetry with increasing lameness [30,59,73,74,84]. Temporal asymmetry
is more commonly attributed to an individual locomotor pattern, also known
as sidedness, handedness, or laterality [85,86]. Temporal parameters charac-
terizing the airborne phase of the trot, such as contralateral step duration
Fig. 8. Fzpeak symmetry graph of a horse with proximal suspensory desmitis. (A) Initial lame-
ness is clinically scored as grade 2/5 weight-bearing FL lameness and grade 2/5 weight-bearing
HL lameness. (B) Lameness after a low palmar nerve block on the FL, with a lameness score
grade 2/5 on the FL and a lameness score grade 1 to 2/5 on the HL. (C) Lameness after peri-
neural analgesia of the palmar metacarpal nerves, with a lameness score grade 1/5 on the FR
and grade 1 to 2/5 on the HL.
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and SpD, change asymmetrically with increasing lameness [30,59,73]. These
tiny time shifts of a few milliseconds are visually hardly perceptible but
may be detected acoustically.
Horses redistribute load by applying a consistent strategy to compensate
for pain in a forelimb or in a hind limb and without causing an overload sit-
uation in other limbs. At higher speeds (ie, at higher stride frequencies, and
therefore shorter stance and swing durations), however, the possibility of
adapting the inter- and intralimb timing is limited; therefore, compensatory
overload in the other limbs cannot be ruled out. Furthermore, in more se-
vere lameness conditions, the horse is forced to change to another compen-
satory mechanism entirely by reducing StD of the aﬀected limb, which
obviously disturbs the continuous cadence of the gait and may induce com-
pensatory overload in the diagonal and contralateral limbs. Gait analysis
Fig. 9. Fzpeak symmetry graph of the horse with proximal suspensory desmitis before (A), 24
hours after (B), 72 hours after (C), and 42 days after (D) shock wave therapy (SWT) of the or-
igin of the suspensory ligament. Clinically, the lameness was scored 24 hours and 72 hours after
SWT the same as at the beginning (grade 2/5 on the FL, grade 2/5 on the HL); after 42 days, at
the follow-up examination, a slight improvement in the treated limb was noted (grade 1–2/5 on
the FL), but no lameness detected in the hind limbs.
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allows identiﬁcation of the aﬀected limb, quantiﬁcation of the degree of
lameness, and classiﬁcation into supporting or swinging limb lameness.
The ambitious goal of ﬁnding characteristic compensatory patterns that
relate to the localization of the ailment has still not been reached. It is spec-
ulated that horses adapt their movement to pain in a limb in a rather uni-
form way, possibly because of the limited degree of freedom in their
locomotion patterns [87].
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